Reservoirs are built usually to serve multiple purposes. viz. irrigation, municipal and industrial water supply, hydro-power and flood control. Due to high variability of annual rainfall and conflicting demands on scarce water resources, the study and operation of reservoir systems has assumed great significance to meet the short term and long-term requirements. The reservoir managers do not find previous techniques of complex optimization models are difficult to adopt practically. New methods have to be developed which are simple to understand and can be effectively adopted for the existing systems. Any reservoir problem is usually site specific in nature and hence any general modeling methodology cannot be directly applied to study the system behavior. There is also emphasis on improvement in linkage with simulation models that operators readily accept. The Fuzzy rule based systems are very much suitable for inferring developed operating policies. In the present work a rule based fuzzy model is attempted for long-term operation a multi reservoir system. The present model was developed on monthly basis for operation and the model was demonstrated with a case of two serial reservoirs on River Godavari sub system located in South India. In recent years, data driven modelling is emerging, where in the data is used to evolve the model. Here the data that comprises of a source of information for the development of model and to build a rule base to simulate the operation of reservoir systems. The recent artificial intelligence tools like Genetic programming, Artificial Neural networks and Fuzzy logic are increasingly used as soft computing techniques to address modelling issues. The main advantage of these techniques lies in handling noisy data, addressing non -linear and dynamic systems. These tools also useful when it is difficult to explain the physical relationship are not fully understood. In order to enhance the performance of the system, it is important to operate the reservoirs in integral manner when they are connected. The present paper is aimed to present a fuzzy logic methodology for long-term reservoir operation. In this method a monthly fuzzy rule based model was developed based on the historical operation. The performance of the model was tested with calibrated period and validation period.
Introduction
The purpose of this paper is to develop a fuzzy rule-based method for constructing reservoir operation rules. A case study of two serially connected reservoirs is used to illustrate the approach. In fuzzy rule base system the operating rules are inferred from historical operation and hence the experience of operator can be in-built into the system. Fuzzy sets provides by means of translating linguistic descriptors into usable numerical values. Probability law does not bind the uncertainty and vagueness. Savic and Simonovic (1991) used fuzzy set method to model for a chance constrained reservoir operation for selecting risk levels. Shrestha et al (1996) proposed that inputs to the reservoir operating principles (e.g. initial storage, inflows, and demands), as well as outputs (historical releases) could be described by fuzzy relations. These fuzzy inputs and are combined to produce fuzzy output relation, which can be combined and defuzzified to get crisp output. Panigrahi and Mujumdar (2000) attempted a fuzzy rule based model for a single reservoir operation. In their methodology they adopted a Stochastic Dynamic Programming (SDP) for framing rule base. Cheng Chuntain (1999) adopted a fuzzy optimal model for real time flood operation for multi-reservoirs. Jolma et al attempted a fuzzy logic model for operation of five lakes. They attempted based on general knowledge to mimic human operator and presented two types of approaches based on case-based reasoning and a rule based reasoning. Durbovin et al (2002) presented a real time reservoir operation model based on total fuzzy similarity and compared with fuzzy inference method known as Sugeno-style fuzzy inference.
The present paper is aimed to present a fuzzy logic methodology for long-term reservoir operation. In this method a monthly fuzzy rule based model has been developed based on the historical Operation and the rules were derived for both the reservoirs.
Fuzzy rule based system
A fuzzy rule based model is a mathematical model based on a fuzzy rule system. In a fuzzy rule system if ' ℜ 'is defined as a set of rules which consists of set of input variables or premises, A i,k in the form of fuzzy sets with membership functions µ Ai,k and a set of consequences B i also in the form of fuzzy sets. For example, in a reservoir operation system, the premises may be of storage at the beginning of time period, inflows and the consequences of these variables are releases. Based on expert opinion or from historical operation the rules can be constructed. In the present study the historical operation was taken for the development of rule base. The combined response of the rule surface is a fuzzy output, which is transformed into a single crisp value called defuzzification.
Fuzzification of inputs
Any reservoir performance depends on its operation policies, which in turn depend on the inputs like inflows and storage apart from system losses. Hence it is important that the deriving operational rules for enhancement of performance plays important role for the managers of reservoir. In the present study the inputs to the system are Inflows during the time period 't' and Storage at the beginning of time period 't' are taken as fuzzy inputs to the model. Since inflows in any period are uncertain and the Storage also uncertain due to variation of inflows and some times vague due to poor operation. These uncertainties and vagueness can be handled effectively by fuzzy logic modeling. The input values are always a crisp numerical value limited to the universe of discourse of the input variable and the result of Fuzzification is called fuzzy degree of membership, which varies from 0 to 1. The problem lies in construction of membership function is to capture the meaning of all the associated operations to the linguistic terms. The construction of membership function was attempted by several researchers is to capture expert opinion, use of optimal models and more recently from the historical operation itself so that the knowledge of operators can be taken for building the model. In the present study the historical operation was taken for modeling.
Fig 1 shows the transformation of inflow variable into fuzzy variable as an example. For an inflow value of 20 M m 3 units the membership value is 0.8 when the variable lies in one class of input flows viz. Inflow is Low. Suppose if the input value is lying in two classes of inputs like inflow Low and Medium, the membership of both is considered and using centroid approach a single crisp membership value is calculated by the model.
Formation of Fuzzy rule base
The fuzzy rule base was formed based on the historical operation and intuition or logically after studying the historical operation. From the historical operation a matrix of rule base was prepared based on the range of input parameters for all the months individually. Wherever the historical values were not available in any fuzzy range, the linguistic rules were developed based on logic and intuition. A fuzzy rule base may be in the form as follows.
If the storage is low, and inflow is low for the period '1', then the release is low.
Aggregation
Aggregation is the unification of output of each rule by joining them. If an input value correspond to both the membership functions, fuzzy rules corresponding to both the rules are invoked. Here each rule invokes after implication, specifies one fuzzy output set. Then two fuzzy output sets are then unified to get single output fuzzy set. The aggregation is shown in fig 2.
Defuzzification method
The result obtained from the implication is in the form of a fuzzy set. This is defuzzified to get a crisp output. In the present study the most common defuzzified centroid method was adopted. In the centroid method of defuzzification the real value is computed by the equation given in eqn1. 
Application
The methodology was applied to Singur and Nizamsagar reservoirs on Godavari System in Andhra Pradesh. These are multi purpose dams with live storage capacities of 847.15 M m 3 and 504 M m 3 respectively. At Singur reservoir the monthly inflows, storages and releases for a period of 11 years were collected. Similarly at Nizamsagar monthly inflows, storages and releases for a period of 31 years were collected for the present study.
Fuzzification of inputs
The degree to which a particular measurement was inflow or storage is very low, low, medium etc are defined as fuzzy sets. The ranges are fixed based on historical data and logically such that the crisp values from historical are classified as fuzzy input ranges for developing the rule base. As the number of input and output variables increases then the model learning will be better but there will be large rule base as well as model may lead to over learning which is not acceptable. The number of ranges depends on variability of the input variables and season. In the present study the operation criteria was taken as a month.
Application of fuzzy model to Singur reservoir
In the present study 11 years of historical data of inflow, storage and releases were collected at the reservoir. From this data 7 years of data was used for building the model and 4 years of data was used to test the model on monthly basis. 
